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Retained foreign bodies or instruments following surgery in the
abdominal or pelvic cavity continue to be clinical and medicolegal
problems. The incidence is approximately one in 5000 operations
but is very likely underestimated.1
Although a retained foreign body is generally a very rare condi-
tion, it can cause very serious complications to patients, with high
rates of morbidity and mortality.2 Among retained foreign bodies,
retained needles represent very important issue in abdominal
and pelvic operations. Beside this, the actual incidence and degree
of related morbidity and mortality due to retained needles is still
unknown. Needles are generally considered the smallest and
most commonly accounted objects in the operating room. They
can be unintentionally neglected in the abdominal cavity following
an operation, or sometimes the surgeon cannot ﬁnd the broken or
intact needle. In addition to abdominal or pelvic cavities, a broken
needle can also be lost in abdominal wall during surgery. Thus, an
imaging technique may be very helpful in these situations. The sur-
geons generally decline an X-ray of the surgical area, claiming that
the needle is too small to be visualized on the ﬁlm. Some studies
examined the value of plain abdominal radiograph in identifying
retained needles.3,4 However, the smallest needle that can be
detected by this method is still debatable.5
When a discrepancy is discovered during surgery, accurate
sponge or needle counts along with radiologic evaluation may be
beneﬁcial. Nevertheless plain radiography is often the initial imag-
ing test employed, while the patient remains anesthetized on the
operating table. In several studies, CT and plain radiography have
been shown to demonstrate awell-described image of retained sur-
gical sponges.6 Ultrasound examination has also been shown to be
a useful adjunct to diagnose a retained sponge.7 However, there is
a paucity of data about retained needles in terms of which method
is superior for the detection of these needles in the abdominal or
pelvic cavity.
Currently, volume-rendered 3D CT techniques have become
widely accessible. Volume-rendered processing uses the complete
set of data in the ultimate reconstruction. 3D CTallows the observer
to viewan inﬁnite number of pictures and orientations. Thus, it may
be helpful in evaluating cases of retained foreign bodies that are not
readily localized by plain radiography.
The best radiologic methods for detection of lost needles perio-
peratively or postoperatively remain unknown. In the present stud-
y, the aimwas to compare 3D CT and plain abdominal radiograph in
terms of detection rates of retained needles in the abdominal and1743-9191/$ – see front matter  2013 Surgical Associates Ltd. Published by Elsevier Lt
http://dx.doi.org/10.1016/j.ijsu.2013.01.009pelvic cavities, in addition to ﬁnd out the minimum needle size
that can be visualized using these methods. Comparison between
detection rates obtained with each technique would enable a sur-
geon to choose the best radiologic method for ﬁnding lost surgical
needles.2. Materials and methods
This experimental study was conducted at the Radiology Department of Tertiary
University Hospital in Canakkale. The study was approved by our institutional board
for animal research and the animal care was in accordance with institution guide-
lines. Characteristics of various sizes of surgical needles that were used in the experi-
ment such as length, shape, degree of curve, suture material and suture size were
recorded prior to the study. The length of the needles with different suture materials
were provided by the manufacturers (Fig. 1). The minimum and maximum lengths
of the needles used in the study were 4 mm and 90 mm, respectively. The character-
istics of 18 different types of needles are shown in Table 1. Two needles, 6 mm and
10 mm in length, were used twice, for a total of 20 needles being employed in the
study.
A live female kivircik sheepbreed (age2 years,meanbodyweight45kg)wasused
for the study. The experiment was conducted under general anesthesia which was
established with the following protocol: premedication with atropine sulfate
(0.0125 mg/kg) i.m. and 2% xylazine (0.05 mg/kg) and induction with 10% ketamine
(20 mg/kg). After the induction of anesthesia, the animal was positioned ventrally
on the operating table and an initial plain abdominal radiograph and 3D CT scan
were obtained. Following a 15- to 17-cmmidline laparotomy incision performed lon-
gitudinally, 20 needles of pre-determined size and conﬁguration (Fig. 1) were ran-
domly placed throughout the abdominal and pelvic cavities, thereafter the incision
was closed. Two-sided plain abdominal radiographs (Fig. 2A and B) and 3D CT scan
of the area were obtained (Fig. 3). Following removal of the needles, the animal
was euthanized.
3D CT examination was performed using a Multi-Detector Computerized To-
mography (MDCT) scanner (Toshiba Asteion Super 4 edition, Tokyo, Japan). Antero-
posterior (AP), lateral and oblique plain radiographs of the sheep were obtained
with an X-raymachine (Siemens, Erlangen, Germany) equippedwith a computerized
radiography (CR) System.
Various needle ﬁgures on the plain abdominal radiographs and volume-
rendered 3D CT scans were viewed individually by ﬁve different radiologists
(O.K., S.K., B.K., Y.Y. and S.B.) who were blinded to how many or what kind of
needles were inside the sheep. In addition to counts, the reviewers were also
asked to report the size and the conﬁguration (curved, straight) of the needles
that they detected. There were no time constraints when evaluating ﬁlms. The
results for the characteristics of each needle were compared with the recorded
information.
Statistical analysis was carried out using SPSS 20 software (IBM Corp., Armonk,
New York, USA). For comparison of two techniques in terms of detection rates for
each needle size, Friedman c2 test was employed and needle size included to the
model as a block factor. Likewise, Friedman c2 test was also employed for compar-
ison of needle size (in this case, the imaging techniques included to the model as
a block factor). Since the same observers were used to evaluate the detection of
the needles on the scans (observed (1)/not observed (0)), inter-observer agreement
for the detection of needles was evaluated by the Cochran Q test. A p< 0.05 was con-
sidered statistically signiﬁcant.d. All rights reserved.
Fig. 1. Comparative picture of the 18 different needles used in the study.
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Overall detection rate of CT was 80%, while the detection rate of
plain radiograph was 93%. Distribution of detection rates based on
needle size with respect to both methods is given in Fig. 4. When
Fig. 4 was reviewed, a general agreement between the lines that
are presenting each method can be observed in terms of detection
rates. A modest divergence of the lines which is not statistically sig-
niﬁcant can also be seen for smaller size of the needles.
Results of Friedman test showed that there was no statistically
signiﬁcant difference between two methods (p ¼ 0.20) and among
the needle sizes (p¼ 0.53) in detection rate. Therefore, it is possibleTable 1
Characteristics of the various types of needles used in the study.
Needle No Needle length (mm) Body shape Degree of curve
1 4 Curved 3/8
2 6 Curved 3/8
3 6 Curved 3/8
4 8 Curved 3/8
5 9.3 Curved 3/8
6 10 Curved 3/8
7 10 Curved 3/8
8 13 Curved 3/8
9 13 Straight –
10 16 Curved 3/8
11 18 Curved 3/8
12 20 Curved 3/8
13 25 Curved 3/8
14 26 Curved 1/2
15 26 Straight –
16 30 Curved 1/2
17 40 Curved 1/2
18 42 Straight –
19 50 Curved 1/2
20 90 Curved 3/8
a USP: United States Pharmacopeia classiﬁcation of suture materials.to suppose that the detection rate of both methods is similar, as
well as the detection rate of various needle sizes. These results sug-
gest that differences in needle sizes have no signiﬁcant affect on
detection rates. Cochran Q test assessing the inter-observer agree-
ment among the radiologists indicated that there was no statisti-
cally signiﬁcant differences among the observers (p ¼ 0.64).4. Discussion
In the abdominal or pelvic operations, surgeons routinely use
small and large sizes of needles according to the type of surgery.
In operations of obstetrics and gynecology, 16- to 50-mm curved
needles are frequently used. However, during surgeries involving
the upper abdomen, such as during liver transplantation, very small
needles can also be employed. Therefore, we also included very
small needles in the present study (i.e., 4–6 mm). The surgeons
can sometimes experience a discrepancy during an operation and
usually employ an X-ray radiograph to ﬁnd lost needles. A small
number of studies have examined the use of plain abdominal radio-
graph when an incorrect needle count is encountered.3–5 However,
our search of literature failed to identify any previous study on 3D
CT, other than a few case reports,8,9 regarding the identiﬁcation of
retained surgical needles in the abdomen or pelvis. In present stud-
y, the detection rates of retained needles by plain abdominal radio-
graph and 3D CT were investigated using an experimental animal
model.
The results of present study conﬁrm that both 3D CT and plain
abdominal radiograph are effective and comparable in identifying
retained needles, even in the case of very small needles. The study
also showed that there was no difference in detection rate between
needles of varying sizes (4–90mm) by bothmethods. The observers
felt more comfortable determining the precise place of needles in
3D CT scans while plain radiographs only gave a rough idea about
the localization.
Since a 3D CT provides the observer to view an inﬁnite number
of pictures and orientations, it can be considered one of the most
powerful methods to identify the exact location of the foreign
bodies including needles. This allows the surgeon to depict ana-
tomic relationship and landmarks related to the foreign bodies
intra-abdominally and to ease the removal of foreign body. Along
with its numerous advantages, the primary disadvantage of 3D CTSuture material Suture size (USP)a Brand Name
Nylon 11/0 Daylon
Nylon 10/0 Daylon
Nylon 10/0 Daylon
Nylon 8/0 Daylon
Polyglactin 910 6/0 Coated Vicryl
Polypropilen 7/0 Propilen
Polypropilen 7/0 Propilen
Polypropilen 6/0 Propilen
Polyglactin 910 4/0 Pegelak Rapid
Polyglactin 910 5/0 Surgilactin
Polyglecaprone 25 4/0 Monocryl
Polyglecaprone 25 4/0 Tekmon
Polypropilen 3/0 Propilen
Polyglactin 910 4/0 Pegelak
Polyglactin 910 3/0 Pegelak
Polyglactin 910 2/0 Coated Vicryl
Polyglycolic acid 1 Surgisorb
– – By Dogsan Company
Polyglactin 910 1 Pegelak Rapid
Polypropilen 1 Prodek
Fig. 2. Lateral (A) and oblique (B) view of plain radiograph of the abdomino-pelvic area taken by an X-ray machine displaying randomly located needles of various sizes (arrows).
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no portable form.
The previous reports about the management of lost surgical
needles are scant and the existing data show conﬂicting evidence
when an abdominal radiograph can be helpful in identifying lost
surgical needles. The smallest needle that can be visualized is
also debatable in these studies.3-5 An experimental study,3Fig. 3. 3D CT scan in the lateral projection demonstrates different types of the needles.conducted in 2001 discovered that suture needles as small as 8-
0 (corresponding to an 8-mm needle size in our study) could be
visualized on the plain radiograph ﬁlm. In their study, the authors
employed an acrylic torso that is used for training radiology staff.
However, they did not state the real size of the experimental nee-
dles, instead they gave the suture size. On the other hand, the re-
sults of another experimental study in 2003,4 conﬂict with these
earlier ﬁndings. In this later study, the smallest needle that could
be imagined by the majority (84%) of observers on at least one of
three different X-ray ﬁlms was 17 mm, and only 13% of the ob-
servers could identify the 13-mm needle. The authors concluded
that X-rays for retained needles smaller than 13 mmwould expose
patients to superﬂuous radiation for a small possibility of visualiz-
ing retained needles. The results of the above-mentioned studies
contradict our outcome in which the smallest needle that can be
identiﬁed was 4 mm. The difference can be explained by discrep-
ancy in the experimental model or the machine used in the study
as well as a difference in observers. The experimental model may
change the quality of images. Both of the previously mentioned
studies used an acrylic phantom as an experimental model, which
can affect the quality of the images of the retained needles.We used
a living animalmodel that is more similar to the human body. In the
second study, which focused on the thoraco-abdominal cavity, the
authors chose a departmental X-raymachine as the preferredmode
for locating the needles, followed by a mobile image intensiﬁer andFig. 4. Comparison of the detection rates based on needle size by plain abdominal
radiograph and 3D CT techniques.
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tal X-ray machine, which has a CR system. The CR characteristic of
the machine can enable us to detect more needles resulting in
a high detection rate and to visualize smaller needles. Another rea-
son for the difference can be the characteristics of the observers,
most of the observers in the second study were not radiologists
or radiographers (i.e., they were surgeons or perioperative nurses).
Our results also contradict the ﬁndings of a more recent exper-
imental study by Pontrartana,5 who reported that retained surgical
needles smaller than 10 mm are detected with signiﬁcantly lower
sensitivity on plain abdominal radiographs. It is not possible to
determine exactly why the results for detection rate in smaller nee-
dles from our study were so different from that of previous study,
although they used a 41-kg pig cadaver as an experimental model,
which is very similar to our design using a 45-kg living sheep. The
needles employed are also very similar in size (4–77 mm vs 4–
90 mm). However, a potential difference may be again in the radio-
graph machine or the animal model as well as a possible inter-
observer difference in the radiologists.
Although no statistical signiﬁcance was reached between two
methods regarding detection rate, the plain radiograph seems to
possess better detection rates for smaller needles (Fig. 4). We do
not know exactly why such a small difference exists. Plain radio-
graphs may really work better for smaller needles or the small sam-
ple size in the present may have skewed the results.
The prime limitation of the present study was that it was not
conducted as a human study in which an image could be different
than seen in animal models, as well as the fact that we used a 45-kg
animal model which is smaller than the average human weight
(70 kg). A small sample size and small number of observers are
the other limitations in the study. A further issue is that when
a retained needle is suspected during an operation, usually a port-
able X-ray machine is employed in the operating room, rather than
a departmental radiography machine equipped with a CR system
that is used in the present study. However, the study has some
strengths, such as using a living model rather than a cadaver or
acrylic torso models. Moreover, the study reveals ﬁrst preliminary
data on the use of 3D CT as well as comparison of detection rates
between plain abdominal radiograph and 3D CT in case of retained
surgical needles.
Further research, with randomized controlled designs, evaluat-
ing the degree of needle size that can be identiﬁed with high detec-
tion rate for retained surgical needles would be invaluable. In
addition to the use of ultrasonography, future studies examining
the use of a portable X-ray machine which is mostly used in oper-
ating room are also needs to be evaluated.
5. Conclusion
Our preliminary results suggest that both 3D CT and plain
abdominal radiograph are effective and comparable in recognizing
the retained surgical needles of various sizes. In addition, it can be
assumed from the results of present study that since plain radiog-
raphy and 3D CT scanning have quite similar DR, when a needle is
retained peri-operatively, a plain radiograph can be considered as
the ﬁrst step to search it. This may initially help to ﬁnd the retained
needle. Otherwise, in case plain radiograph fails to detect needle, or
the surgeon needs to know exact localization, patient should be re-
evaluated later by a 3D CT in the elective conditions. This is
expected to give the surgeon a late chance to remove the needle
by a laparoscopy or laparotomy. In spite of these promising prelim-
inary results, larger studies are still required to determine the
detection rates of different methods.Ethical approval
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